The research was carried out with 9 triticale, 3 bread wheat, 3 durum wheat and 3 barley varieties and advanced lines in Tekirdağ, Edirne and Silivri locations during three years. In the study, the data obtained from combined variance analysis were performed and the significance of the differences between the averages was determined by LSD multiple comparison test. GGE biplot analysis and graphics were made by using the statistical package program. The genotypes G2 and G3 for thousand kernel weight, genotype G1 for the heading time and test weight, genotypes G14 and G15 for the maturation time, number of spikelets per spike and grain weight per spike and G13 for the plant height, spike length and grain yield per hectare decare revealed the highest values. The genotypes G6, G5, G4, G14, G9, G8 and G7 gave lower values than the average in terms of grain yield, whereas the other genotypes gave higher values than the general average. According to biplot graphical results, while locations 1 and 8 were closely related, locations 9, 2 and 7 were positively related to these environments. Although the location 7 is slightly different from the other 4 locations, these 5 locations can be seen as a mega environment. Genotypes G12, G2, G3 and G10 for this mega-environment showed the best performances. According to the results of grain yields obtained from 9 different locations, the location 5 was the most discriminating area while the location 1 was the least discriminating. Location 2 was the best representative location, while locations 4 and 7 were with the lowest representation capability. The locations that are both descriptive and representative are good test locations for the selection of adapted genotypes. Test environments, such as location 8, with low ability to represent are useful for selecting genotypes that perform well in specific regions if the target environments can be subdivided into sub-environments.
Introduction


The most important criterion for crop yield per unit is the potential of genotypic genetic efficiency, and the effect of the environment on which these genotypes are cultivated is also very important. When genotypes are grown in different environmental conditions, there may be changes in their characteristics.
The most important criterion for high grain yield is the genotypic potential of plants and the effect of the environment in which the genotypes are grown is also very important. The performance of the genotypes in different environmental conditions allows revealing the characteristics of the genotypes better. The data obtained from the analysis of variance in experiments conducted in different environments show that genotype x environment interaction is important as a result of different genotypes reacting to different environmental conditions. Several statistical parameters have been developed by some researchers such as [1] regression coefficient (bi) and regression deviation squared averages (S2di) [2] , equivalence value (Wi2) [3] , variance of stability [4] coefficient of variation (CVi) and genotypic variance (S 2 i) [5] environmental effects (α i ), deviation from linear response (λ i ) and [6] , the expression coefficient (R 2 ). The introduction of genotypes at different locations and years of experimentation and the establishment of their stability provides a more detailed description of the yield and yield characteristics of genotypes. If there is no genotype environmental intervention in experiments conducted at different years and locations, D DAVID PUBLISHING genotypes can be considered as reliable in any environment. This is rarely seen except for some characteristics under simple genetic control. Quantitative characteristics such as grain yield are highly influenced by the environments in which the genotypes grow, which means that there is a high level of genotype environmental interactions. This indicates genotype environment interactions are important. In case of the importance of the genotype environmental interactions, performance ranking of genotypes causes changes in different environments. Genotypes with both high yield and high stability are revealed by different analysis methods developed by different researchers. The different areas in which the experiments are conducted are evaluated both in terms of discrimination and representation.
In recent years, multivariate techniques such as AMMI and GGE biplot have been widely used to reveal the genotype environmental interaction and the stability of genotypes. Ref. [7] reported that AMMI and GGE-biplot analyses are effective methods for describing the genotype environmental interaction. Low PCA and ASV genotypes are considered to be stable in the AMMI method. However, it appears that AMMI does not have the internal product feature that forms the basis of biplot analysis [8] . For this reason, GGE biplot analysis is used more often to determine the best genotypes effectively among test environments. It was created by the first two major components (PC1 and PC2) consisting of environment, genotype and GEI variations. Genotypes with high PC1 and small PC2 (near-zero) scores are considered as stable genotypes [9] .
Many researchers have been using GGE biplot technique to identify the association between genotypes and environments, in order to determine the adaptation and/or magnitude of the G×E interaction, or to identify mega-environments and suitable wheat genotypes for specific regions [10, 11] . Multiple environment trials are used in order to identify and analyze the major factors that are responsible for genotype adaptation and final selection [12, 13] . GEI is important for plant breeders and agronomists and the stability is mostly used to characterize a genotype, which specified a comparatively stable yield and is not affected by changing environmental conditions. In plant improvement activities and in many aspects of barley research, the analysis of GEI is of primary importance, as it is also for other crops [14, 15] . Grain yield, stability, and adaptability are highly influenced by environment [16] . Wheat genotypes must be tested in MEYTs (multi-environment yield trials) to determine grain yield, stability, GEI (genotype by environment interaction), adaptability, and to identify a potential candidate to release for commercial cultivation [17] . The effectiveness of AMMI procedure has been widely applied by many authors [18] .
In our study, a total of 18 genotypes, including 9 triticale, 3 bread wheat, 3 durum wheat and 3 barley varieties, were tested at 3 different locations during 3
years. According to the results of variance analysis, the genotype environment interaction was found to be important for the number of heading days, the number of seeds per spike, the grain weight per spike, the thousand kernel weight, the test weight, the plant height, the number of maturing days. Average performance and stability levels of the genotypes were determined by GGE biplot analysis. Triticale genotypes were compared in terms of average performance and stability with bread wheat, durum wheat and barley varieties
Materials and Methods
Material
This study was carried out in Tekirdağ (40°59' N, 27°34' E, elev. 10 m), Edirne (41°38' N, 26°35' E, Elevation 32 m) and Silivri (41°4' N, 28°14' E, elevation 14 m) locations during 2004-2006 years. In the study, 9 triticale genotypes, 3 bread wheat varieties, 3 durum wheat varieties and 3 barley varieties were used as material (Table 1) . (Table 2 ). Raining at varying levels in the grain filling periods caused significant differences in terms of the characteristics investigated between the years and locations. In Table  2 , it is seen that the mean temperature values in locations are close to each other.
Establishment of Field Experiment
Field trials were conducted in randomized block design with 3 replicated at each location and year. Plants were sown in plots consisting of 6 rows with 5 m length and 17 cm length apart by sowing machine. Sowing density was 500 seeds per m -2 . A total of 140 kg ha -1 pure nitrogen was applied in the sowing, tillering and booting period. In addition, 40 kg ha -1 P 2 O 5 was applied in the plantation and herbicide was applied against weeds. It is seen in Table 2 that the average temperature values of the locations are close to each other.
Statistical Analyses
The data obtained from the combined variance analysis were performed according to randomized blocks experimental design by using MSTAT version 3.00/EM computer package program. The significance of differences between the averages was determined by LSD (p ≤ 0.05) multiple comparison test [19] .
GGE biplot analysis and graphics was made by using the Genstat-14.0 statistical package program according to Refs. [17, 20] .
The value of PC1 (1st major component) in GGE
Biplot graph refers to the average of the genotypes in terms of the characters studied and it takes place in the horizontal plane of the graph. PC2 (2nd major component) value is the stability of character and is located in the vertical plane of the graph. As the value of PC2 approaches the mean value of zero, the stability value increases and the stability decreases as 
Results and Discussion
In the study, the mean values and significance groups obtained in 9 triticale genotype, 3 bread wheat varieties, 3 durum wheat varieties and 3 barley varieties are given in Table 3 .
The differences between locations and years due to the examined characteristics were statistically significant. GGE biplot analysis results were given separately for the study conducted with 18 genotypes including triticale, bread wheat, durum wheat and barley in 3 years and 3 different locations. In GGE biplot analysis, the average of the genotypes with high PC1 score is high. Genotypes with low PC2 scores have stable yields among the environments. According to the biplot graph showing the correlation between the genotypes and the characteristics examined over the year and location averages, the total variation is represented by 53.1% PC1 (Principal component 1) and 19.51% PC2. Fig. 1 shows which genotypes have the best performance in terms of the relation between the trial triticale, barley, bread and durum wheat genotypes and the investigated characters, and there are 4 different groups in terms of the characters examined. The TKW (thousand kernel weight) in single group, HD (heading time) and TW (test weight) in the same group, MD (maturation time), GN (number of grains) per spike and GW (grain weight) per spike in a separate group, and PH (plant height), SL (spike length) and GY (grain yield) per hectare took place in a separate group (Fig. 1) . [8] , who interpreted the relationship between examined characters and environments, revealed that the characters in biplot diagonal have the best or worst performance in the surrounding circles and there is a strong correlation or relationship between the characters in the same sector. At the same time, it is reported that genotypes that have localized in the same sector have similar character potency in terms of the characteristics studied (discrimitive potential), in other words there is a similarity between these locations. When the performance of the genotypes is based on the characteristics, genotype 2 and genotype 3 for thousand kernel weights, genotype 1 for duration of heading and text weight, the maturation period, the number of grain per spike and genotype 14 and 15 for the grain weight characters, G13 for the plant height, spike length and hectare yield characteristics show the best characters (Fig. 2) . In the analysis of the demonstration of the relationship between the characteristics examined and the locations, the total variation was determined as 70.89%, while 39.37% of this variation was represented or explained by PC1 (Principal component 1) and 31.55% PC2. Biplot analysis shows that the high genotypic effect in the appearance of the characters is with high PCI value. However, the high PC2 value indicates that genotypic effects as well as genotypic environmental effects are important, i.e. genotype x environment interaction is important. The PC2 values between the studied environments and the character are close to the PC1 value, indicating the significant genotype x environmental interaction effect in the formation of the characters.
When the biplot graph (Fig. 3) showing the relationship between locations and the character is examined, there are 3 different groups in terms of characters. While locations 4 and 7 on the same axis of the locations have similar characters, location 4 obtained lower values, and in location 7 lower stability values were observed. Compared with locations 7 and 9 on the same axis, low stability values were obtained at both locations. The number 9 location has been very low. Locations 4, 5, 1 and 9 on the same axis on the biplot graph gave the highest values among the locations, whereas location 1 gave more stable values. Locations from 4, 5, 1 and 9 on the same axis on the biplot graph gave the highest values while location 1 gave more stable values. When the characters studied are considered, heading time, maturing time, plant height, grain yield, number of seeds in the plant and spike length characters formed a similar group, and the number 8 location was selected as the most suitable for these characters.
Thousand weight and spike weight characters were collected in another group with the previous close group. In terms of these characters, location 6 gives the most suitable values. The hectoliter weight alone constituted a separate group and the location 5 for this character was determined as being the most appropriate (Fig. 3) .
According to biplot graph showing the relation between locations and genotypes in terms of grain yield, 59.94% of the total variation is revealed (PC1% 38.95% and PC2% 20.99%) (Fig. 4) . In the examination of which genotype and which environment has the best performance in terms of grain yield, genotypes 6, 5, 4, 14, 9, 8 and 7 had lower grain yields than the average, while the other genotypes had higher values than the general average. According to biplot graph, locations 1 and 8 are closely related, while locations 9, 2 and 7 are positively related to these locations. Although the number 7 location is slightly different from the other 4 locations, these 5 locations are seen as mega environments. For this environment, genotypes 12, 2, 3, 7 and 10 showed the best performance.
Locations 6 and 5 have a very close positive relationship and they form another environment. Genotype 18 has the best feature for this environment. Locations 3 and 4, which are closely related positively, constitute the third environment. For this environment, genotype 15 shows the best yield. The closest location to the biplot origin is the area where the most stable values are obtained from the location 1. Locations 8, 2 and 5 gave low values of stability because they are quite distant from the biplot origin. These locations are highly discriminating. These locations can provide beneficial results in the selection of genotypes for specific regions and in the elimination of low-stability genotypes.
The place of the test locations next to each other on the biplot shows that these locations have similar characteristics when the genotypes are characterized in terms of grain yield. This demonstrates that it is enough to carry out experiments at only one locality from these locations, so that the breeding programs can be carried out with less labor and cost. According to the results obtained, it seems to be sufficient to carry out the trial of 3 different locations instead of 9 locations for grain yield. These results show that the genotypes 15 and 12 are higher than the average yield but the genotype 12 is better than the genotype 15 in terms of yield and stability. Among genotypes 7 and 12, genotype 12 is above general average and more stable than genotype 7. From genotypes 15 and 6, genotype 6 is below the general average and stability is low, while number 15 is above the general average and high stability. In experiment, genotype 16 is the most stable genotype in all the experiments, while the average grain yield is close to the general average, which reduces the importance of this genotype. Genotypes 3, 1, 2 and 6, which are located on the general average and which are closest to the center, have been identified as the most stable genotype for all regions and these genotypes should be considered as priority in the selection studies to be made for future years (Fig. 4) .
The discriminatory and representativeness of the trial environments from the grain yield results obtained at 9 different locations where the yield experiments of the triticale genotypes are carried out are given in Fig. 5 . The concentric circles on the biplot help to visualize the length of the vectors. This relates to the standard deviation in the relevant environment and is an indication of the distinctive features of the environment. According to the obtained data, the location number 5 is the most discriminating whereas the location number 1 shows the least discriminating characteristic. The average environment axis (represented by the small circle at the end of the arrow) has the average coordinates of all test environments. Environmental coordination passes through the environment average and biplot origin. A test location with a smaller environmental angle than the average environmental coordinate has the ability to represent more than other test locations. Location 2 is the most representative environment, while locations 4 and 7 have the lowest representation. Test locations, both discriminatory and representative, are good test environments in the selection of genetically adapted genetics (such as environment 1). Test environments with low representation capabilities, such as location 8, are useful in selecting genotypes that are well-adapted to particular areas, especially if the target environments can be subdivided into sub-environments.
Locations with high discriminability, such as environment 8, are useful for screening unstable genotypes, but only in a mega medium with low representativeness.
In the analysis of the stability of genotypes in terms of grain yield for GGE-biplot analysis, the total variation was 59.94%, which was represented or explained by 38.1% PC1 (Principal component 1) and 20.99% PC2.
In Fig. 6 , the G7, G8, G9, G4, G5 and G6 genotypes on the left of the mid-cut line according to the mean environment coordinate (AEC) method have genotypes with lower average grain yields whereas the other genotypes have higher average values.
G12 and G11 are the genotypes with the highest grain yield (highest PC1 value) according to the location average and at the same time, the line that cuts the origin horizontally shows that the vectorial angles are low (there is no longer the distance that the line intersects horizontally). G9, G5, and G6 genotypes with grain yield below the average of locations have shown characteristics that are appropriate for specific areas (high rainfall areas, or genotypes suitable for low rainfall areas) due to the large distance of the line horizontally intersecting the origin. The G4 and G5 genotypes are located near the left of the line that cuts the origin to the left and the line that horizontally crosses were the low values in terms of stability and grain yield among the genotypes. The G16 and G1, G13 and G2 genotypes, showing the biplot to the right of the vertical origin, above the horizontal line and nearest to the origin, showed good stability to all locations. The G3 genotype, which is very close to the general population but below it, is good in terms of stability but low in importance due to its value lower than average. The biplot graph between the years and the characteristics examined in the yield values of the genotypes taken for the experiment show different features for each year. In the first year when lower data were obtained in the trial, better spike values were obtained, and below the general average and near average values were obtained in the 3rd year. In the third year, the number of days to maturity and the plant height were obtained from the characteristics examined (Fig. 7) .
In the second year when the values above the general average were weighed, for grain yield, number of grain per spike, thousand kernel weight, grain weight per spike and test weight were obtained with better results. The difference between the characters analyzed according to years suggests that the ecological differences in years caused significant changes in characters. If the differences between years can be explained in detail, selection criteria should be arranged according to these changes.
When the changes in genotypes according to years in terms of grain yield are examined, the first and second year property values are closer, while there is a significant difference between the second and third year. There is also a difference between the first year and the third year (Fig. 8) . Genotype 12 and 13 were the best genotypes in the first year of experiment, whereas in the second trial, genotypes 10, 2 and 18 were the best genotypes among them. In the 3rd trial, the genotypes showed the most favorable value in terms of yield. Genotypes 13 and 2 were the most stable genotypes in all years, giving the genotype number 16 which is closest to the biplot origin and is valued above the general average.
Conclusion
When the correlations between genotypes of triticale, barley, bread, and durum wheat genotypes are examined, G2 and G3 for thousand kernel weight, G1 for heading time and test weight, G14 and G15 for the number of grains per spike, number of spikelet per spike and grain weight per spike, and G13 for plant height showed better performances. G16 and G1 are genotypes that give the most stable values for all the closest points to the biplot origin. G1 and G3 for a thousand kernel weight, G1 for the heading time and test weight, G14 and G15 for the grain numbers per spike, G13 for spike length showed the most superior features. G16 and G1, which are closest to the biplot origin, are the genotypes showing the highest stability in terms of the observed characters.
When the biplot graph showing the relation between the features and the locations is examined, it is seen that there are 3 different groups according to the characters. Environments 4 and 7 on the same axis exhibit similar properties, while higher values are obtained in the environment 4 and the value of stability in the environment 7 is lower. When 7 and 9 environments on the same axis were compared, low stability values were obtained in both areas, and location number 9 gave very low values. While the highest values were obtained from the environment 5, 1 and 9 on the same axis in the biplot graphic, the most stable values are obtained from environment 1. When the characters were evaluated, the heading time, maturation time, plant height, grain yield, number of grain per spike and spike length were collected in the same group. The environment 8 is the most appropriate for these characters. The heading time, the maturation time, and the number of grains per spike the biplot has been used, plant height, grain yield, number of grain per spike and spike length were collected in the same group. The environment 8 is the most appropriate for these characters. Thousand kernel weight and spike weight are collected in another group with the previous close group. Environment 6 gave the best values for these characters. Test weight constituted a separate group and environment 5 gave the best values for this character.
Biplot graph of the relationship between locations and genotypes shows which genotype has the best performance in which environment. Genotypes 6, 5, 4, 14, 9, 8 and 7 had lower grain yields than the average, whereas the other genotypes had higher values than the general average. According to the biplot graph, environments 1 and 8 are closely related, while locations 9, 2 and 7 are positively related to this environment. Although the location 7 differs slightly from the other 4, these 5 environments are located in a mega environment. Genotypes 12, 2, 3 and 10 for this mega-environment have shown the best performance.
According to the grain yield results obtained in the 9 different regions where the yield experiments are carried out, the number 5 environment is the most discriminating, whereas the environment 1 is the least discriminating. According to the results, environment 2 is the most representative environment, while environments 4 and 7 are the lowest. The test circles, both discriminatory and representative, are good test environments for the selection of adapted genotypes. Test environments with low ability to represent, such as environment number 8, are useful in selecting genotypes customized to specific regions, if the target environments can be divided into sub-environments.
As a summary of the results obtained, the lowest values for stability were obtained in barley and durum wheat genotypes. Triticale genotypes and bread wheat genotypes in the 9 different locations show the highest adaptability to all the locations, while wheat genotypes of bread wheat genotypes followed by triticale. The lowest values were in barley and durum wheat genotypes.
